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Description 
[Dynamic pressure bearing device] 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to a dynamic pressure bear- 
ing device that utilizes a dynamic pressure of a lubricating 
fluid for supporting a shaft member by a bearing member. 

[0003] 2. Description of the Prior Art 

[0004] | n recent years, the development of a dynamic pressure 

bearing device has been pursued, which is a type of bear- 
ing for enabling a rotating member to rotate at high speed 
with high accuracy in various rotation driving devices. The 
dynamic pressure bearing uses a dynamic pressure of a 
lubricating fluid for supporting a rotating shaft. The dy- 
namic pressure bearing device includes a dynamic pres- 
sure face of a shaft member and a dynamic pressure face 
of a bearing member, which are arranged to face each 
other and to be close in the radial direction or in the axial 
direction. Between the opposed dynamic pressure faces, a 



bearing space of a radial dynamic pressure bearing por- 
tion or a thrust dynamic pressure bearing portion is 
formed. An appropriate lubricating fluid is filled in the 
bearing space, and appropriate dynamic pressure genera- 
tion means including a herringbone shaped groove gener- 
ate a dynamic pressure in the lubricating fluid. The gener- 
ated dynamic pressure is used for non-contact bearing of 
the shaft member by the bearing member in relatively ro- 
tatable manner. 

[0005] | n this dynamic pressure bearing device, the shaft mem- 
ber contacts with the bearing member temporarily at start 
or stop of rotation. Accordingly, a measure for improving 
abrasion resistance is provided to the dynamic pressure 
face of each member. For example, one of or both the dy- 
namic pressure faces of the shaft member and the bearing 
member are provided with a sliding surface layer having 
abrasion resistance as described in Japanese unexamined 
patent publication No. 2001-289243. Such a sliding sur- 
face layer is made of a composite material including a thin 
metal plate as a substrate on which material containing 
zinc or tin is coated, a composite material coated with a 
solid lubricating material containing fluorocarbon resin, 
graphite or molybdenum disulfide, a ceramic such as alu- 



mina, or a copper type material such as aluminum bronze 
or manganese bronze. Furthermore, the above-mentioned 
thin metal plate is made of copper or a copper type mate- 
rial. 

[0006] However, in this structure of the dynamic pressure bear- 
ing device including a sliding surface layer that has abra- 
sion resistance to the dynamic pressure face of the shaft 
member or the bearing member, there is a case where the 
sliding surface layer comes off gradually from the surface 
after long period of usage. In this case, particles from the 
sliding surface layer will be suspended in the bearing 
space of the dynamic pressure bearing portion. If the sus- 
pended particles are caught between the shaft member 
and the bearing member, the dynamic pressure face may 
be damaged so that the dynamic pressure is lowered and 
a rotation locked state may happen. 
Summary of Invention 

[0007] A n object of the present invention is to provide a dynamic 
pressure bearing device that can support a shaft member 
by a bearing member over a long period even if there are 
some exfoliation of the sliding surface layer. 

[0008] According to one aspect of the present invention, a dy- 
namic pressure bearing device is provided that includes a 



dynamic pressure face of a shaft member, a dynamic 
pressure face of a bearing member, lubricating fluid filled 
in a bearing space of a dynamic pressure bearing portion 
including a gap between the dynamic pressure faces, a 
dynamic pressure generation means for pressing so that 
the lubricating fluid generates a dynamic pressure that 
supports the shaft member in a non-contact manner with 
the bearing member and in a rotatable manner relatively 
to the bearing member, and a sliding surface layer having 
abrasion resistance provided to at least one of the dy- 
namic pressure face of the shaft member and the dynamic 
pressure face of the bearing member. The sliding surface 
layer is made up of a resin lubricating film in which many 
particles of solid lubricating material is dispersed, and a 
maximum diameter of the particles constituting the solid 
lubricating material included in the sliding surface layer is 
smaller than a minimum gap size of the bearing space of 
the dynamic pressure bearing portion. 
[0009] According to this structure, even if a part of the sliding 

surface layer is peeled off in the dynamic pressure bearing 
space, the particles of the peeled sliding surface layer are 
not caught in the gap of the bearing space since the di- 
ameters of the particles are smaller than the minimum 



gap size of the bearing space. Here, the "minimum gap 
size of the bearing space" means a minimum gap size be- 
tween the shaft member and the bearing member upon 
rotation. More specifically, it is defined as a minimum size 
of the gap in the radial direction between the shaft mem- 
ber and the bearing member when the axial center of the 
shaft member becomes identical to the axial center of the 
bearing member. 
[0010] | n a preferred embodiment of a second aspect of the 

present invention, the solid lubricating material has cleav- 
age property. 

[0011] According to this structure, particles of the solid lubricat- 
ing material that are peeled from the sliding surface layer 
float in the lubricating fluid as thin scales. When a pres- 
sure is applied to the lubricating fluid, the thin scales of 
particles of the sliding surface layer are arranged so that 
the thickness direction of the thin scale corresponds to 
the radial direction. As a result, the particles of the sliding 
surface layer are not caught securely between the shaft 
member and the bearing member. Thus, the smooth 
floating state of the particles is maintained so that the 
safety of the device is enhanced. 

[0012] | n a preferred embodiment of a third aspect of the present 



invention, the dynamic pressure bearing portion is made 
up of at least one of the radial dynamic pressure bearing 
portion and the thrust dynamic pressure bearing portion. 
Thus, the present invention can be applied to both the ra- 
dial and the thrust dynamic pressure bearing portions in 
the same way. 

[0013] | n a preferred embodiment of a fourth aspect of the 

present invention, the radial dynamic pressure bearing 
portion and the thrust dynamic pressure bearing portion 
are formed so as to have a bearing space that is continu- 
ous to each other. 

[0014] According to this structure, the lubricating fluid can be 
injected into the radial dynamic pressure bearing portion 
and the thrust dynamic pressure bearing portion at one 
time, so that the assembly process can be simplified. On 
the other hand, particles that are peeled from the sliding 
surface layer of the thrust dynamic pressure bearing por- 
tion having relatively large gap size of the bearing space 
upon rotation can go into the bearing space of the radial 
dynamic pressure bearing portion having small gap size. 
However, since the particles of the sliding surface layer 
have diameters smaller than the gap size of the bearing 
space, the particles of the sliding surface layer are not 



caught in the gap. 
Brief Description of Drawings 

[0015] pig. 1 is a cross section of a shaft rotation type spindle 

motor for an HDD having a dynamic pressure bearing de- 
vice according to an embodiment of the present invention. 

[0016] pig. 2 is a graph showing a distribution of particle diame- 
ter of a solid lubricating material that constitutes a sliding 
surface layer in the dynamic pressure bearing device used 
in the HDD spindle motor Fig. 1. 

[0017] Fig. 3 is a chart showing a table of the distribution of par- 
ticle diameter of the solid lubricating material shown in 
Fig. 2. 

[0018] Fig. 4 is a graph showing a distribution of particle diame- 
ter of a solid lubricating material that constitutes a sliding 
surface layer in a reference example. 

[0019] Fig. 5 is a chart showing a table of the distribution of par- 
ticle diameter of the solid lubricating material shown in 
Fig. 4. 

[0020] Fig. 6 is a graph showing a distribution of particle diame- 
ter of a solid lubricating material that constitutes a sliding 
surface layer in another reference example. 

[0021] Fig. 7 is a chart showing a table of the distribution of par- 
ticle diameter of the solid lubricating material shown in 



Fig. 6. 

[0022] pig. 8 is a cross section of a shaft rotation type spindle 

motor for an HDD having a dynamic pressure bearing de- 
vice according to another embodiment of the present in- 
vention. 
Detailed Description 

[0023] DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0024] Hereinafter, an embodiment of the present invention will 
be explained in detail with reference to attached drawings. 
Before the explanation, a general explanation of a spindle 
motor for a hard disk driving (HDD) will be described as 
an example that adopts the dynamic pressure bearing de- 
vice according to the present invention first. The spindle 
motor in this embodiment is for a 2.5 inch type HDD. 

[0025] The general structure of a shaft rotation type spindle mo- 
tor for an HDD shown in Fig. 1 includes a stator unit 10 as 
a fixed member and a rotor unit 20 as a rotation member 
that is attached to the stator unit 10 from the upper side 
in Fig. 1. The stator unit 10 has a fixed frame 11 that is 
fastened to a fixed pedestal (not shown) with screws. This 
fixed frame 11 is made of an aluminum type metal mate- 
rial for reducing weight. An annular bearing holder 12 is 



formed to stand at a substantially center portion of the 
fixed frame 11, and a bearing sleeve 13 having a hollow 
cylindrical shape as a dynamic pressure bearing member 
is fit in the bearing holder 12 by a press fit process or a 
shrink fit process. This bearing sleeve 13 is made of a 
copper type material such as phosphor bronze so as to 
make it easy to form tiny holes. 

[0026] | n addition, a stator core 14 that is a laminated electro- 
magnetic steel is attached to the peripheral attachment 
surface of the bearing holder 12, and drive windings 15 
are wound around salient poles of the stator core 14. 

[0027] | n addition, a rotating shaft 21 that constitutes the rotor 
unit 20 is inserted in the center hole of the bearing sleeve 
13 as the dynamic pressure bearing member in a rotatable 
manner. Namely, the dynamic pressure face of the inner 
surface of the bearing sleeve 13 is opposed to the dy- 
namic pressure face of the outer surface of the rotating 
shaft 21 closely in the radial direction. Two radial dynamic 
pressure bearing portions RB and RB are formed in a 
bearing space including a micro-gap between the two dy- 
namic pressure faces with an appropriate distance in the 
axial direction. More specifically, the dynamic pressure 
face of the bearing sleeve 13 and the dynamic pressure 



face of the rotating shaft 21 in the radial dynamic pres- 
sure bearing portion RB are arranged to face each other in 
a circumferential manner via a micro-gap of several mi- 
crons. Lubricating fluid such as lubricating oil or magnetic 
fluid is injected into the bearing space including the mi- 
cro-gap to as to be continuous in the axial direction. 
[0028] | n addition, one of or both the dynamic pressure faces of 
the bearing sleeve 13 and the rotating shaft 21 is pro- 
vided with a radial dynamic pressure generating groove 
having a herringbone shape for example, which is formed 
annularly divided into two blocks. Upon rotation, the ra- 
dial dynamic pressure generating groove provides pump- 
ing action and presses the lubricating fluid (not shown) so 
as to generate a dynamic pressure. This dynamic pressure 
of the lubricating fluid supports the rotating shaft 21 and 
the rotation hub 22 that will be explained later toward the 
bearing sleeve 13 in the radial direction in a non-contact 
state. 

[0029] on the other hand, the rotation hub 22 constituting the 
rotor unit 20 with the rotating shaft 21 is made up of a 
substantially cup-like member made of a ferrite type 
stainless steel. The upper portion of the illustrated rotat- 
ing shaft 21 is fit in a joint hole provided to the center 



portion of the rotation hub 22 by a press fit process or a 
shrink fit process. This rotation hub 22 has a substantially 
cylindrical trunk portion 22b that retains a recording 
medium disk such as a magnetic disk (not shown) on the 
peripheral portion, and a disk stage portion 22c that ex- 
tends from the trunk portion 22b outward in the radial di- 
rection so as to support the recording medium disk in the 
axial direction. The recording medium disk is fixed by a 
clamper (not shown) that is placed and screwed from the 
upper side in Fig. 1 so as to press the recording medium 
disk downward. 
[0030] | n addition, an annular drive magnet 22e is attached to 

the inner wall face of the trunk portion 22b of the rotation 
hub 22 via an annular yoke 22d made of a magnetic ma- 
terial. The inner circular face of the annular drive magnet 
22e is placed so as to face and close to outer end surfaces 
of the salient pole portions of the stator core 14. The 
lower end face of the annular drive magnet 22e in the ax- 
ial direction is disposed at the position opposed to a 
magnetic attraction plate 23 that is attached to the fixed 
frame 11 in the axial direction. The magnetic attraction 
force between the members 22e and 23 makes the entire 
of the above-mentioned rotation hub 22 is attracted mag- 



netically so that a stable rotation state can be obtained. 
Furthermore, this embodiment is designed so that a total 
sum of the weight of the rotor unit 20 and the above- 
mentioned magnetic attraction force is 100 grams or less. 

[0031] | n addition, an opening portion that is provided to the 

lower end of the bearing sleeve 13 in Fig. 1 is closed by a 
cover 13a, so that lubricating fluid in the above- 
mentioned radial dynamic pressure bearing portions RB 
does not leak externally. 

[0032] Moreover, the upper end face of the bearing sleeve 13 and 
the lower end face of the center portion of the rotation 
hub 22 in Fig. 1 are disposed to face each other and close 
to each other in the axial direction. A thrust dynamic 
pressure bearing portion SB that is continuous from the 
radial bearing portion RB is provided to the bearing space 
between the upper end face of the bearing sleeve 13 and 
the lower end face of the rotation hub 22. Namely, a 
thrust dynamic pressure generating groove having a spiral 
shape or a herringbone shape is formed at one of or both 
the upper end face of the bearing sleeve 13 and the lower 
end face of the rotation hub 22. The opposed portion 
thereof in the axial direction including the thrust dynamic 
pressure generating groove is the thrust dynamic pressure 



bearing portion SB. 
[0033] The dynamic pressure face of the upper end face of the 
bearing sleeve 13 and the dynamic pressure face of the 
lower end face of the rotation hub 22, which are opposed 
and close to each other and constitute the thrust dynamic 
pressure bearing portion SB, are disposed to face each 
other via a several microns in the axial direction upon ro- 
tation. Lubricating fluid such as oil or magnetic fluid is 
supplied from the radial dynamic pressure bearing portion 
RB so as to fill continuously in the bearing space of the 
micro-gap upon rotation. By a pumping action of the 
above-mentioned thrust dynamic pressure generating 
groove, the lubricating fluid is pressed so as to generate a 
dynamic pressure. The rotating shaft 21 and the rotation 
hub 22 are supported by the dynamic pressure of the lu- 
bricating fluid in a non-contact state floating in the thrust 
direction. 

[0034] The thrust dynamic pressure bearing portion SB in this 
embodiment is disposed at a position corresponding to 
the outermost side in the bearing space including the gap 
between the upper end face of the bearing sleeve 13 and 
the lower end face of the rotation hub 22 so as to work 
also as pumping means for pressing the lubricating fluid 



inward in the radial direction that exists in the entire por- 
tion of the bearing space including the thrust dynamic 
pressure bearing portion SB in the outermost portion of 
the bearing space. 
[0035] | n addition, a fluid seal portion that is made up of a capil- 
lary tube seal portion 24 is defined by the outermost wall 
face of the bearing sleeve 13 as the dynamic pressure 
bearing member. Namely, the capillary tube seal portion 
24 as the fluid seal portion is continuous from the outer 
side of the bearing space in the radial direction including 
the thrust dynamic pressure bearing portion SB. The outer 
wall face of the bearing sleeve 13 and the inner wall face 
of the ring 25 as a drop stopper member that is formed to 
face the outer wall face of the bearing sleeve 13 in the ra- 
dial direction define the capillary tube seal portion 24. 
The ring 25 is made up of a ring-like member that is fixed 
to a flange portion 22f that is provided to the rotation hub 
22. A gap between the inner wall face of the ring 25 and 
the outer wall face of the bearing sleeve 13 is continu- 
ously increased toward the opening portion in the lower 
side in Fig. 1, so that a taper-shaped seal space is de- 
fined. Then, the lubricating fluid in the thrust dynamic 
pressure bearing portion SB is filled continuously to the 



capillary tube seal portion 24. 
[0036] | n addition, the upper portion of the bearing sleeve 13 in 
Fig. 1 extends outward in the radial direction so as to 
form a drop stopper collar portion 13b. A part of the col- 
lar portion 13b is opposed to a part of the ring 25 in the 
axial direction. The rotation hub 22 is prevented from 
dropping off in the axial direction by the members 13b 
and 25. 

[0037] a sliding surface layer 26 having abrasion resistance is 

formed as a film by a coating process or other process on 
a plane including the dynamic pressure face of the lower 
end face of the rotation hub 22 that constitutes the thrust 
dynamic pressure bearing portion SB (see portions with 
cross hatching in Fig. 1). This sliding surface layer 26 is 
made up of a resin lubricating film in which a solid lubri- 
cating material made of many particles is dispersed. As 
the solid lubricating material in this embodiment, a mate- 
rial having cleavage property such as graphite or molyb- 
denum disulfide, i.e., a material having a characteristic 
that the surface layer can be peeled as a thin film is 
adopted. 

[0038] a maximum diameter of particles of the solid lubricating 
material included in the sliding surface layer 26 is set to a 



value smaller than the minimum gap size of the bearing 
space in the radial dynamic pressure bearing portion RB. 
In an example shown in Figs. 2 and 3, the gap in the ra- 
dial dynamic pressure bearing portion RB is approximately 
3 microns for one side, and the solid lubricating material 
made of a molybdenum disulfide particles is used. An av- 
erage diameter of particles is 1.132 microns, and 98% of 
particles have diameter up to 2.667 microns. 

[0039] Here, the minimum gap size of the bearing space means a 
minimum size of the gap in the radial direction between 
the rotating shaft 21 and the bearing sleeve 13 in the ra- 
dial dynamic pressure bearing portion RB under the con- 
dition where the axial center of the rotating shaft 21 is 
identical to that of the bearing sleeve 13. Furthermore, 
when viewing the cross section in the axial direction as 
shown in Fig. 1, gaps are generated at both sides in the 
radial direction of the rotating shaft 21 between the rotat- 
ing shaft 21 and the bearing sleeve 13. However, the gap 
in the radial direction here means one of the gaps at both 
sides but does not mean the total sum of the both gaps. 

[0040] Here, a case may happen where only a part of the sliding 
surface layer 26 that is provided to the thrust dynamic 
pressure bearing portion SB is peeled off and floats in the 



bearing space of the thrust dynamic pressure bearing 
portion SB. This case scarcely becomes a problem since 
the gap in the thrust dynamic pressure bearing portion SB 
is large upon rotation. However, if the peeled particles of 
sliding surface layer 26 moves from the thrust dynamic 
pressure bearing portion SB having a large gap size into 
the bearing space of the radial dynamic pressure bearing 
portion RB having a small gap size, a phenomenon that 
the particles are caught in a small gap can happen in the 
same way as the conventional structure. However, accord- 
ing to this embodiment having the above-mentioned 
structure, the peeled particles of the sliding surface layer 
26 are not caught in the gap of the bearing space since 
their diameters are smaller than the minimum gap size of 
the bearing space in the radial dynamic pressure bearing 
portion RB. As a result, smooth rotation state is main- 
tained so that a life of the bearing is lengthened substan- 
tially. 

[0041] Particularly, since the solid lubricating material that con- 
stitutes the sliding surface layer 26 in the dynamic pres- 
sure bearing device according to this embodiment has 
cleavage property, particles of the solid lubricating mate- 
rial that are peeled from the sliding surface layer 26 float 



in the lubricating fluid as thin scales. When a pressure is 
applied to the lubricating fluid including the thin scales of 
particles of the sliding surface layer, the thin scales of the 
particles are arranged so that the thickness direction of 
the thin scale corresponds to the radial direction. As a re- 
sult, the particles of the sliding surface layer are not 
caught securely between the rotating shaft 21 and the 
bearing sleeve 13. Thus, the smooth floating state of the 
particles is maintained so that the safety of the device is 
enhanced. 

[0042] Furthermore, considering the abrasion resistance of the 
thrust dynamic pressure bearing portion SB, it is desirable 
that diameters of the particles of the solid lubricating ma- 
terial included in the sliding surface layer 26 are large. 
However, in the case of this embodiment, the spindle mo- 
tor has a light weight of the rotation member as the total 
sum of the weight of the rotor unit 20 and the magnetic 
attraction force between the annular drive magnet 22e 
and the magnetic attraction plate 23 is 100 grams or less. 
In this case, abrasion progress of thrust dynamic pressure 
bearing portion SB is substantially slow compared with a 
spindle motor having a heavy rotation member. Therefore, 
when setting the maximum diameter of particles of the 



solid lubricating material included in the sliding surface 
layer 26 is smaller than the minimum gap size of the 
bearing space in the radial dynamic pressure bearing por- 
tion RB, the problem of the abrasion resistance is not 
generated so that the above-mentioned effect can be ob- 
tained for a spindle motor having a light rotation member. 

[0043] on the contrary, in the reference example shown in Figs. 4 
and 5, a solid lubricating material made of molybdenum 
disulfide particles whose average diameter is 2.348 mi- 
crons is used. However, only 70% of all particles have di- 
ameters less than 2.990 microns. In the reference exam- 
ple shown in Figs. 6 and 7, the solid lubricating material is 
made of graphite particles having average diameter of 
4.716 microns, and only 20% of all particles have diame- 
ters less than 2.988 microns. It was confirmed that a de- 
sired bearing life cannot be obtained in these reference 
examples unlike the above-mentioned example. 

[0044] Namely, a life test was performed using a HDD spindle 
motor that adopts the thrust dynamic pressure bearing 
portion SB including the sliding surface layer 26 made of 
the solid lubricating material according to the example 
shown in Figs. 2 and 3. As a result of the test, stop of the 
HDD spindle motor did not occur due to particles of the 



solid lubricating material peeled from the sliding surface 
layer 26. In contrast, when adopting the thrust dynamic 
pressure bearing portion including the sliding surface 
layer 26 made of the solid lubricating material of the ref- 
erence example shown in Figs. 4 and 5, the HDD spindle 
motor stopped after 67.5 hours rotation due to the peeled 
particles of the solid lubricating material. In addition, 
when adopting the thrust dynamic pressure bearing por- 
tion including the sliding surface layer 26 made of the 
solid lubricating material of the reference example shown 
in Figs. 6 and 7, the HDD spindle motor stopped after 67 
hours rotation due to the peeled particles of the solid lu- 
bricating material. 
[0045] Next, another embodiment will be explained with refer- 
ence to Fig. 8, in which the same reference numerals are 
used for denoting the elements corresponding to the 
above-mentioned embodiment. In this embodiment 
shown in Fig. 8, a disk-like thrust plate 31 that also works 
as a drop stopper member is attached to the lower end 
portion of the rotating shaft 21. A thrust dynamic pres- 
sure bearing portion SB1 is formed on the upper surface 
of the thrust plate 31, while a thrust dynamic pressure 
bearing portion SB2 is formed on the lower surface of the 



thrust plate 31. Namely, the thrust dynamic pressure 
bearing portion SB1 is formed in the bearing space be- 
tween the upper surface of the thrust plate 31 and the 
opposing surface of the bearing sleeve 13 that is opposed 
and close to the upper surface of the thrust plate 31. In 
addition, a counter plate 32 is arranged to be opposed 
and close to the lower surface of the thrust plate 31 in the 
axial direction and is fixed so as to close the opening por- 
tion of the bearing sleeve 13 at the lower end portion. The 
thrust dynamic pressure bearing portion SB2 is formed in 
the bearing space including a gap between the thrust 
plate 31 and the counter plate 32. 
[0046] | n this embodiment too, the same effect the above- 
mentioned embodiment can be obtained by providing a 
sliding surface layer to each of the dynamic pressure faces 
of the thrust dynamic pressure bearing portions SB1 and 
SB2 in the same way as the above-mentioned embodi- 
ment. 

[0047] Although the present invention is explained on the basis 
of the above embodiments in detail, the present invention 
is not limited to the embodiments. The structures of the 
embodiments can be modified in the scope of the present 
invention. 



[0048] For example, although the sliding surface layer 26 is pro- 
vided to the rotation hub 22 in the above-explained em- 
bodiment, it may be provided to the dynamic pressure 
face side of the upper end face of the bearing sleeve 13. 
Alternatively, it may be provided to each of the members. 

[0049] The present invention is applied to a dynamic pressure 

bearing device having a bearing space in which the thrust 
dynamic pressure bearing portion and the radial dynamic 
pressure bearing portion are continuous in the above- 
explained embodiment. However, the present invention 
can also be applied to a dynamic pressure bearing device 
in which the thrust dynamic pressure bearing portion and 
the radial dynamic pressure bearing portion are provided 
independently of each other. 

[0050] | n addition, although a resin lubricating film in which a 
solid lubricating material is dispersed is formed at the 
thrust dynamic pressure bearing portion SB in the above- 
explained embodiment, it is possible to form a solid lubri- 
cating film at the radial dynamic pressure bearing portion. 

[0051] Moreover, the present invention can be applied to a dy- 
namic pressure bearing device that utilizes air as the lu- 
bricating fluid without limited to a dynamic pressure 
bearing device that utilizes oil or magnetic fluid as the lu- 



bricating fluid as the above-explained embodiments. 
[0052] | n addition, although the present invention is applied to 
an HDD spindle motor in the above-explained embodi- 
ments, the present invention can also be applied to other 
various dynamic pressure bearing devices. 



